-1- Extruder systemfor extruding a fluid Description The present
invention relates to an extruder systemfor extruding a fluid, conprising
at | east one supply device, at |east one m xer device, and at |east one
extrusion die. Fromthe state of the art extruder systens for extrusion
are known in which a fluid to be shaped_.s pressed through an extrusion
die so that it is ejected by the discharge 5 nozzle of the die in the form
of capillaries, strands, extruded filmor ofher jle cross sections.
Fromthe state of the art E%iﬁ”gaé?yss‘%‘t@HS*%&“?H‘%@QMS (sinple or double
augers) for the material supply and at the sane tinme exclusively for
generating pressure are known (e.g. WO 03/009989, EP 0 888 860 A2, DE101
36 851 Al). 10 WO 00/ 76743 Al describes a rotating extruder-nozzle
structure with a nounted rotatable nozzle rotating at a speed of 500 rpm
for products with a dianmeter of 16- 40 nmm. There is a simlar, rotating
extruder head in CA 2,299, 209. SuchEE?FgEh8P systems are not variabl e and
t herefore rve to produce products o uite specific. dingensions, .
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wi th annul ar clearance. Finally, an extruder systemis known from WO

95/ 24304 in which a fluid subjected conventionally to pressure, for
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of the "tube" or "h@se" can be reduced alnost as far as the capillary

range by us‘frﬂ%‘c’%ec?}i? ss‘pondi ngly small discharge cross sections of the die.
-2- Thus in the state of the art only extruder systens working in a
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known (e.g. WO 03/009989, EP 0 888 860 A2, DE101 36 851 A1)
10 WO 00/76743 A1 describes a rotating extruder-nozzle structure with a mounted
rotatable nozzle rotating at a speed of 500 rpm for products with a diameter of 16-
40 mm. There is a similar, rotating extruder head in CA 2,299,209. Such extruder
systems are not variable and therefore serve to produce products of quite specific

dimensions, in particular also at very high pressure.

15 EP 0 499 025 describes the extrusion of hoses by means of a rotating mandrel

using a fixed nozzle with annular clearance.

Finally, an extruder system is known from WO 95/24304 in which a fluid subjected
conventionally to pressure, for example by an auger, is ejected from the extruder
systam through an extrusion die. To produce a capillary the extrusion die has an
20 essentially hollow cylindrical form with a central core, so that the fluid emerges from
the die in the form of a tube or hose. Here the cross section of the "tube" or "hose”
can be reduced almost as far as the capillary range by using correspondingly small

discharge cross sections of the die.




5 further to achieve product dinmensions in the range of a few m cronetres
or nanonetres, as, if the dianeter within the extruder is reduced further,
the friction forces between the fluid to be shaped and the extruder becone
so high that pressurising the fluid no |longer leads to a controlled

di scharge of the shaped product. 10 By conparison with the state of the
art the present invention is based on the task of providing an extruder

systemthat_allo even further mniaturisation of.the system Such.a
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providing an extruder system 15 for extruding a fluid with at | east one
supply devi WMt | east one mixer device and at |east one extrusion die,
whereby at | east one device for producing a fluid flow (transport fl uid)
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t he mat eri glrotlactbe extruded of a transport fluid different fromthe fluid
flow of the fluid to be shaped is provided, it is possible to reduce the

(size of or even do conpletely w thout an otherw se usual device for
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shaped and carries along the fluid to be shaped and discharges it fromthe
extrusion die. Furthernore, the second fluid flow reduces the friction
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materials serving a o . _ .
15 for extruding a fluid with at least one supply device, at least one mixer device and at

least one extrusion die, whereby at least one device for producing a fluid flow
(transport fluid) that completely or partially surrounds the material to be extruded
and essentially runs parallel to the direction of outlet of the material to be extruded is
provided, and whereby the fiuid is discharged from the extruder system by suction

20 and/or pressure of the transport fluid flow.

Parallei fluid flow in the meaning of the invention is undersiood to mean that the
material to be extruded is completely or partially surrounded by a fluid flow during

product discharge.

As a result of the fact that a device for producing a fluid flow completely or partially
25 surrounding the material to be extruded of a transport fluid different from the fluid
flow of the fluid to be shaped is provided, it is possible to reduce the size of or even
do completely without an otherwise usual device for pressurising the fluid to be
discharged, as the fluid is discharged from the extruder system by suction and/or
pressure of the second fluid flow. In this case for example, a gas flow under

30 pressure is introduced into the exftruder system from the exterior and essentially




5 parent materials should first be liquefied in order to sinplify the

di scharge. The extruder system can be used for different kinds of fluids
conprising organic and/or inorganic materials to produce strands,
capillaries or even extruded film If +the fluid to be discharged is
additionally subjected to a high pressurg as is custonmary in the state of
the art, injection nouldings can also be produced with the 10 device in
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Practical enbodi nents of the present invention in which the extrusion die
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to all ow ea yeﬁgggn{]eamaln%:h%@e rf'(%ozzies expedient if at | east one device for

producing a fluid flow conpletely or partially surrounding the naterial to
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15 variety of products, such as

- strands, threads, micro-threads etc.
- tubes, capillaries, micro-capillaries etc.
- extruded film, microfilms etc., and also

- injection mouldings, micro injection mouldings.

20 Practical embodiments of the present invention in which the exirusion die is a device
for producing a film, a microfilm, a strand, a micro-strand, a capillary or a micro-
capillary are particularly preferred. The said products can be produced with the aid

of the exirusion method at low cost and in large quanfities.

In a preferred practical embodiment of the invention the discharge nozzle of the
29 extrusion die or parts thereof can be exchanged. This design of the extruder system
is advantageous, as it makes it possible to use one and the same system for
differing applications, as different products can be produced by simply exchanging
the discharge nozzle. Furthermore, the exchangeability is a prerequisite for
miniaturising the system, for example in order to prevent clogging and to allow easy

30 cleaning.




5 devices. In sonme applications, for exanple when using the extruder system
in accordance with the invention for an injector or a filmnozzle, it can
be an advantage to |eave out the suction device. In contrast to the
solutions described in the state of the art for "pressure discharge" in
extruders, in the neaning of the inventiaon "pressure device" is not to be
10 understood exclusively as the discharge pressure devel oped i ndependently
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expulsion gas in accordance with the invention makes it possible to reduce the wall

friction to almost zero. As a result the discharge pressure required is thus reduced

critically by comparison with the state of the art.

20 The invention thus shows a possible way of countering the wall friction that
increases extremely in the range of ever smaller products to be produced, of largely

suppressing this friction and of even eliminating it.

Preference is also given to the combination of suction or pressure. This is because
the transport fluid not only prevents contact of the product with the outer walls of the
25 nozzle, for example, but can also be used as an entraining medium if its flow
behaviour is set faster than the flow behaviour of the product to be produced. Here it
is possible to achieve this effect by suction or pressure or simultaneous suction-

pressure operation.

Furthermore, in accordance with the invention a compensating medium and a
30 compensation duct for compensating any fluctuations in metering is provided over

the fluid flow completely or partially surrounding the material to be extruded that




Thus the greatest possible uniformty of netering can be achieved for

di scharge. In 5 particular the suction nmechanismrealised by a suction
head at the nozzle outlet is considered to be particularly advantageous in
accordance with the invention. Because of this it is possible to use a
substantially reduced pressure inside the extruder by conparison wth that
in known enbodi nents of extruders. A further advantage is to be seen in
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of the extrysign die are adjusted to the fluid to be shaped in such a way

that the fluird 1S discharged by the capillary forces energi ng has proved
to be advantageous. In conjunction with |arge-scale mniaturisation of the
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A practical embodiment of the invention in which a compensation duct for
compensating metering fluctuations is provided over the fluid flow completely or
partially surrounding the material to be extruded is preferred. A uniform thickness of
the discharged products, e.g. thickness of a film, is targeted. The thickness of the
20 material depends here primarily on the quantity of the material metered. For
example, if the quantity of the material increases for a brief period due to a
fluctuation in metering, at constant pressure more material is discharged too.
However, if the fluid producing the discharge pressure is able to escape via a path
other than through the discharge nozzle, the quantity of material discharged will

25 remain consftant.

A practical embodiment of the invention in which the dimensions of the extrusion die
are adjusted to the fluid to be shaped in such a way that the fluid is discharged by
the capillary forces emerging has proved to be advantageous. In conjunction with
large-scale miniaturisation of the extruder system in accordance with the invention,

30 this makes it possible to discharge the fluid to be shaped without having to subject
the actual fluid to be shaped to high pressure.




actuation about an axis parallel to the direction of discharge. The
rotation of the extrusion die or one of its parts, preferably a mandrel
arranged at a distance symetrical to the cross section of the extruder
system that extends parallel to the 5 direction of discharge in the
extruder and in front of the discharge_paozzle, |eads to good m xing of the
conponents of the fluid to be di scharged However, rotation is also
advant ageous . when CID cheesm 0 be di schar ed t hat
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one another in a particular ratio. In this connection, in accordance with

;the invention it is particularly advantageous if at |east one of the
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swi t ched omna{srlamycqhetcmmg 1By coeg- hokeca‘attte:rtwatl ve or in addition to rotating
of the pulling devices, it is advantageous if the basic el enent of the

extruder system conprising a supply
If two pulling devices with differing pulling speeds are arranged in series, the

stretching of the discharged material can be specifically controlled by setting the
20 pulling speeds of the two pulling devices differently from one another in a particular
ratio. In this connection, in accordance with the invention it is particularly
advantageous if at least one of the pulling devices can be rotated paralle! to the
direction of pulling about an axis, thus allowing further twisting of the product and
hence a further increase in stability. The drawing and twisting unit following this
25 proves to be advantageous especially for capillary and thread production because it
makes it possible te produce reinforced end products by drawing {(known from the
production of spinning fibre) and iwisting (combination in one unit). Multiple
arrangements, connected in series, reinforce this effect further. As this drawing and
twisting unit is not advantageous for all applications {e.g. for film production), it can

30 be provided or switched cn as an option.

By way of alternative or in addition fo rotating of the pulling devices, it is

advantageous if the basic element of the extruder system, comprising a supply




-7- device, a device for producing pressure, a m xer device, and at |east
one extrusion die can be rotated about an axis parallel to the direction
of discharge. Depending on the fluid used that is to be discharged, it is
expedient for the extruder systemto be equipped with a heating and
cooling device for the fluid so that it }can 5 be maintained at the
respective optinal tenperature during the individual processing steps.

Furt hernore, the h(gati ng devi ce can be used t8 vvarmtheilflttuid to, be
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fluid is ardiscigegedieigicr tdreparxtirassaranthds & isorebbaltis fitwe cppaditgt can be wound
as yard goods on spindles or the like. A practical enbodi nent of the

present invention in which at |east one extrusion die 20 is produced by
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i nternal dianeter a di arge nozzle for producing a mcro-capillary
has a di aneter of |ess than 100 pm preferably of less than 50 pm and
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further processing.

15 In order to be able to transport and further process the discharged product, in a
preferred practical embodiment of the invention a winding device for the discharged
fluid is arranged behind the extrusion die so that the product can be wound as yard

“goods on spindles or the like.

A practical embodiment of the present invention in which at least one extrusion die
20 is produced by micro-engineering (e.g. by means of etching techniques, mechanical
and optical micro-processes (e.g. laser)) is particularly advantageous. This allows
strong miniaturisation of the device, whereby the products show dimensions such as
cannot be achieved with extrusion dies produced with classic mechanical

engineering methods.

25 It is expedient here if the internal diameter of a discharge nozzle for producing a
micro-capillary has a diameter of less than 100 pym, preferably of less than 50 um,

and particularly preferably of less than 20 pm.




20 cm preferably of less than 15 cm and particularly preferably of |ess
than 8 cm It is expedient here if the dianmeter of the basic el enent of the
extruder systemis 5 less than 5 cm preferably less than 3 cm and
particularly preferably Iess than 1 cm The m cro-extruder can be used
flexibly. It is characterised by a nodugar structure that requires m ninmal
installation space. Thanks to the mnimal installation space, especially

th 1 Xi d di sch h o dance.with the i ti it
possi bl e ol IEIEREE THEPHGHoor RPSEE B TR TRCrS- SubPtabar foseet 2
conpl etel y dn @ﬁgntltﬁapfhedlmb sleaeat oﬂhi%eﬂﬁmd&pb&%d:&i&yz%ngﬁi ngleaz thatnh_
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product . ThesWah Gaim, prefardly leegitkbatdi om dns patioieelg poeferabiiyt lss<lthatnhlecm.

m cro-extruder by neans of exact pressure controllers. The advant age of

this enbodiment is that the actual bearing is treated gently and is
prot ect ed afhe hereeckisuden gandeucteddxtbhc tit is-chasicteyisad siyng r@dular strgbtuschaf t

t hat has either a const.antl LM nishin j t Qr f 1. xLNg
chanber on)tﬁ% CaFY e WéQ'WLf%tagaéga&né‘?aﬁt gralg’érre el ?ﬁlﬁgélr'égﬁl%trs&%i ﬂag&b’
advant ages dspecitihethprridingtandndiserlasgeechamstmrfimetcordanae witfathednigntioneit iount i ng
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“easi | 10 aut afetad spass &hisliy act®ved iyhe fact that the pressure of each
conponent inlet into the mcro-extruder can be regulated and each inlet

has at least sufficiently higher pressure for the respective conponents to
be supplied. AsnaacompEgesingenedisrenitig wierios ghifetmise-edrsggevhareninisne
interior as tpene | BRaYER LlistNR SAPMRNquid btk t hus
rul es out then]%é)jgjéé %P?ﬂ'?@%@ﬁa@%%fb\g@ﬁ' -9- Eavilﬁg al wa%/s gﬁl yquét_ m ni mal
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15 of the components vis-d-vis discharge of the product. The evaluation and
regulation is carried out outside the micro-extruder by means of exact pressure
controllers. The advantage of this embodiment is that the actual bearing is

treated gently and is protected as there is no product contact.

- using a single through shaft that has either a constantly diminishing diameter

20 (from the mixing chamber on) or alternatively a constant diameter. This resuits in
advantages for the production-related manufacture in that only one mounting is

necessary, which in turn allows good true running, as well as higher levels of

precision and lower tolerances, for simple maintenance and easily automated

assembly.

25 - the fact that the pressure of each component inlet into the micro-extruder can be
regulated and each inlet has at least sufficiently higher pressure for the
respective components to be supplied. As a consequence these inlets cannot be
clogged from the interior as there is a constant flow-through of the component;

this thus rules out the possibility of backflow.




tracking of the conmponents in order to achieve a uniformquality and
continuous 5 product discharge. These neasures allow al nost 100 per cent
product discharge with mai ntenance of the preselected fornulation and the
m xi ng achi eved. The m xing only takes place in the |last section of the
m cro-extruder and/or in the exchangeabje nozzle; this ensures that there
can be no dem xing of the m xed conponents. The m xing can be 10 carried
out by - rotation of the through shaft, and/or.-ﬁ{fhe t an entit%l sugﬁly of
the pressuri seRVRGAYGNEMY adpnEral ARCEPSAE HHARYEA i1 PradsbiyMedRAY over
the circunf er gne @isehalgbecHnams Wri hednaTpaneit Sn catél/ or realisd atixiag rand ng

el enents on the shaft and/or the inner wall of the hqusing. 15 The

i nventi on nak@&charae s SPEMESef oime x TRIBVBFAIS B8R SBHKPENGOf ﬁh%sap]p%raé@i si on.
The mi cro- ex{A4kiRY ofths Rbaypsndls iMber &t fshidverpenitdrir fial@rindadon@ngbushanks
toits very small overall dinensions it can be used in stationary and
portabl e mannePdustiischgigfensi ons of the micro-extruder can be sel ected such
that the entire systemcan be used on any desk top. The extruder itself
can be so small that it fits in jacket 20 pocket. O her .di nensi ons may
be pr ef errgﬁe%f‘neé‘sH’ieﬁt%'Pwt%PBﬁtgﬁgﬁ?érGﬂﬁ‘ PW&&ﬁ@P gy W&Bé@%&eﬂaﬁ’% %fnway
can lie indgredblebicaBbiRilatincinanee hexing bohibvadd The riiking alyaskds @acg mnge. A
t hi ckness of 0.5 mn,toac# mis (?refe red or.m'cro-strandsI and XttE]Uded
film and HhdastoRRAIOM A olREt METP-ERGEes ano & 5o SAthaogrls aeAs MiPar 1y
preferred kagurkk M tidtd card be @vefeniighgor thei reixE® tomp ofients tThanmiging can be

M cro-capillaries. can be produced with a dianmeter of | ess than 100 pm

- pref efabl y cBFeA8&PY han 50 pm and particularly preferably of I|ess than 20
pm This in turn makes the systemhighly flexible. -10- The invention can

be used in a very w.de variet f fields, for exanple - but not finally
and restri ¢t e@%}%_n qfﬂjet%éougﬁtsil'ﬁ i %Und/ or injection moul di ng of plastics,
for the extrusion of spinning fibres in the clothing industry, for the

producti on of, nqn- : I in,t I | i

medi ci ne, f orthF ﬁgn%éﬁ@'éﬁg@p clﬂgfo&%é fg?%gi'gﬁ%g? ﬁg)lgg&l'r%gtsa gggoélnglj,iﬁpv{nétq %ﬁ%ﬁtﬂ ﬁie
framewor k of supplynsdreacheasitheecisungenepce asthemrdssutised epnpdneotsnaneiptat i ons,
t he rubber industry, seal technology, and the chem cals

- static mixing elements on the shaft and/or the inner wall of the housing.

15 The invention makes it possible to mix several components with high precision. The
micro-extruder displays an integrated temperature control and thanks to its very
small overall dimensions it can be used in stationary and portable manner. The
dimensions of the micro-extruder can be selected such that the entire system can be
used on any desk top. The extruder itself can be so small that it fits in any jacket

20 pocket. Other dimensions may be preferred for a higher throughput. The products
produced in this way can lie in the millimetre, micrometre, right up to the nanometre

range.

A thickness of 0.5 mm to 1 um is preferred for micro-strands and extruded film, and
the lower nanometre range of up to 50 nm is also particularly preferred for films and

25 even below this for micro-strands. Micro-capillaries can be produced with a diameter
of less than 100 um, preferably of less than 50 um, and particularly preferably of
less than 20 um. This in turn makes the system highly flexible.




and pharmaceutical s sector. Further advantageous neasures are contained in
the other clains. The invention is described belowin further detail along
wi th further advantages and potential 10 applications and with the aid of
the attached figures, whereby Figure 1 shows a schematic view of the
extruder system in a preferred practicqal-enbodinent; Figure 2 shows a
schematic representation of a first practical enbodinent of the mxing

chanber e [ e Fi w Hglr@g c of a
second pr ad.[l caveatggr%é%{ ke l%gdﬂ'l] 1%1% %%ﬁgglaﬁ%tgnﬁﬁem%hé&t %r ub\sglt %‘é’? di e;
Fi gures 4a-fenahend sesimdtedly ech tneentruaind adéforinjeion 2@ouldpy ef plasiatsi Gmsheof t he

pul'l1 g dev] 6l °GORARRC R )4 nd NEARY SRR, 'k KR pRURCRLAS !

enbodi ment s i gures ba-e SHOW var 1 ous pr t7'&Y éRbo nt's

di schar ge neazhe, a$ Wéﬂeaexm nmlfmh:{sdofelnfeammentrmdhame bt gwerdﬁucm Bf gure
6a sho a r]e reszg%atl i F Watﬁma‘}_’ gr nat i vr of B alcta c%a Ierrbod nent. Oél t he
extrust on di &YTFIPRNGHRE WA IEh R e e S S e e Y

di schar ge rezzinl telecerhinrunfeationse td nsthenindastyrseet techrolsgprald the hbwatidats
representatlon of a f rtiher ractical enbodi nment of the extruder system

Fi gures 7a, ang RIRERATSY S%ﬁé ngc forma practical enbodinent 5 of the
device for automatically changing the discharge nozzles; Figures 8a-c show

a practi calg pBodl T3 b s L SRE 'oBRtainatif SEYRERLS T 95 A8AH es:

described bhelow in further detail along with further advantages and potential

10 applications and with the aid of the attached figures, whereby

Figure 1 shows a schematic view of the extruder system

in a preferred practical embodiment;

Figure 2 shows a schematic representation of a first
practical embodiment of the mixing chamber and the

15 extrusion die;

Figures 3a, b show schematic views of a second practical
embodiment of the mixing chamber and the extrusion

die;

Figures 4a-e show  simplified views and detailed
20 representations of the pulling device in accordance

with the invention in various practical embodiments;

Figures 5a-e show various practical embodiments of the
discharge nozzle of the extrusion die represented in

Figure 2,

25 Figure 6a shows a representation of an alternative
practical embodiment of the extrusion die together
with an alternative practical embodiment of the

discharge nozzle;




Figures 9a, b show schematic representations of further 10 practi cal
enbodi nents of the extruder systemin accordance with the invention.
Figure 1 shows a schematic view of the extruder systemw th an exchangeabl e
extrusion die for producing a wide variety of products in the formof, for
exanple, threads, fibres, strands 103. gnd/or capillaries 25. A die for
producing a capillary is 15 shown here by way of exanple. The basic
element L of the extryggr, gystem has,a,JUPPLY davLof g @l XLondfulice 3
an extrusion die 4 wtH an exchangeé%le di schargeé "nozzI'e"5, as wWellT as an
axial drive 6 with transn ssi onmepres@iatiax pilasiwthegasadicangnbidimpniestur e
medi um 8 are introduced throug h evice 2. The expul sion gas 9
is led through the 20 entire baEF%egV%#gﬁyéi%CentralIy up to the finished
capillaries 25 in order to inflate these so that they cannot coll apse on
passi ng the di scharge.: I . The I , - gas,
that al so serves as Zﬁg%{s@ ?Ve at%@gﬁg%ﬁerﬁ%ﬁfﬁgﬂl%r%%ﬂcgg%(rﬂg@n%ﬁgﬁhem
shown,5or alternatively a non-mdcithe edbvigri dor iautématicatlyic ebamgitsi de t he
basic elenent 1 into a device fogf ' pressure 20. In 25 the
practical enbodi nent displayed,q@ﬁﬁgg%ﬂ%%g@ 'or producing pressure 20
consists of several pressure cylinders 32 that are coupled via a control
val ve 21. The cyl i ndet; as an i it L ; . AsS a
feed supply 35 and rg? ?%%éﬁﬁgly 34%h§ﬁ£%%ggﬁkﬁeg§8é#gﬁﬂhgégﬂgHﬁ%h%??c,
hydraulic or other devices. The widdeyerapdisciparpelnegdlesan adj ust abl e pressure
that is controlled exactly via the control and -12- instrunmentation unit 19
‘of the system The control is made possible by pressure sensors 23 and the
pressure control | er F2941e§t93 Bact asAovesSsbermakfui ERrspentaienhasi cfughepar ent
materj@l 28 is introduced wth defdingd cRiBasiEHRs | At et RRtrHFCEystélRVice 3.
After this the additives 29 and adm xtures 30 are netered into the m xing
5 device 3 at a slightly higher 3f@dangeewith Bednwalipge sinilar to the device
for producing pressure 20 or by other suitable nmeasures and m xed together.
The nixtur%_is ?izcharged t hrough the extrusion die 4 in which a further
conponent F{9Ufeol SERWMA &cheanalict YPH Pl dhe xIHErT PR ¥ appIs¥eRe19%38!e such
as e.g. foresmhisenyierdpprédiRing & Qidd Saridtplof peteed aads banal, Iivr extple,
conponent 31 is thereby netered in shortly in front o . , ,

threads, fibres, sfrands 103 and/or capillaries 25. A die for producing a capillary is

15 shown here by way of example.

The basic element 1 of the exfruder system has a supply device 2, a mixer device 3,
an extrusion die 4 with an exchangeable discharge nozzle 5, as well as an axial
drive 6 with transmission 7. The expuision gas 9 and the pressure medium 8 are
infroduced through the supply device 2. The expulsion gas 9 is led through the
20 entire basic element 1 centrally up to the finished capillaries 25 in order to inflate

these so that they cannot collapse on passing the discharge nozzle 5.

The pressure medium 8, for example a gas, that also serves as a protective
atmosphere in the practical embodiment shown, or alternatively a non-miscible liquid
is introduced outside the basic element 1 into a device for producing pressure 20. In
25 the practical embodiment displayed, the device for producing pressure 20 consists
of several pressure cylinders 32 that are coupled via a control valve 21. The cylinder
32 has an inlet 33 for the fluid 8, as well as a feed supply 35 and retumn supply 34
that can be designed as pneumatic, hydraulic or other devices. The device 20

produces an adjustable pressure that is controlled exactly via the control and




10 the discharge nozzle 5 and after this conveyed to the di scharge nozzle
5. Mniaturised sensors for nonitoring the mxing 24 and/or pressure
sensors 23 are arranged in the m xer device 3. The sensors for nonitoring
the m xing 24 and/or pressure sensors 23 can also be arranged in the
following units such as the extrusion dil@%4 and the discharge nozzle 5 as
a control against de-mxing of the 15 material conponents. The basic
el ement 1 is Bstareedatian ymgdﬁlfﬁﬁb@l syptem. d heezantrabiscwere myseiblei e pE§sung

order to be @n@oﬁs@ﬁ%@%r@ssﬁ@%ﬁ*@ﬁertﬁgﬂ@ r8hdlahd r%ﬁfoﬁdf ﬂfcrﬁxa”p! € room

tenperature preferably up to 22C, that can be set an contro ed with the
control 19. The tenperature is nonitored with the aid of the tenperature

sensor 36, OrTHY B&si20r WaFéﬂt mv&raabst@mea&émnﬁ%eﬁ%s r%@su%rn%’tBQﬁé' migert he
i ndi vi dual devices of the basic elenent 1. The contro? IS structured in

such a way t Hgvige3- fifter 8s Jhenadditues 29and adimixtupss %ﬁﬁ'@ﬁﬁ@b"ﬁ%@e mixing
tenperatgre, duyiced &Ca AlightiPhRYPEr SrRBEUrE vial #8&scd SindilRetotiks GEHSE for PYctiueiy for

exanpl e the control and regulation of the actuators and drives. After "the

emer gence of Flrﬁ?'-’é%\rﬁol PPy %Berf piablenmegswen Angdemixgd Zogether. t ey mitere i85
passed on to dlélfh&ll%@d'thf&ﬂl A end é)&rulsibntcm @‘rl'g\li)hlbﬁﬁ fﬁﬂtﬁb?'cﬁﬁwpgﬁéht%q @ek%blehas a

cl osing nechani smfor omg(g di scharge nozzle a nechani sm f or
t hreadi ng i ntdWeithg E}ﬂﬂ”F faign %ﬁ'(?@Pﬁ%t'o"l?nesuékta\su%goﬁ?”ﬂﬁ'éehy%OFthPtflge,t ier eof

such as a nmanfreducéd ddﬂlt;bﬁ@l The rc@ﬁ@bﬁ&*ﬂma@%'éreb@ﬂﬁeﬁéﬁ'bé lﬁ Qﬁértliﬁn £6nt dfnear

with the capillaries 25 uced or the central supply o 30 expul sion

gas 9. The rdf‘%t‘i"ﬁ?h%@etﬂ?éz'@xﬁra%ql cteni thisq capveaygd t to lthfer%%‘hai% apzalerp by
the axial drinRtfisedsan¥brsiok RRnitdrMASIE T8ikPG 26 a@oﬁ%&éﬁétsehgﬁs Ral drkng

device 11 can enhance the rotation oOr reversSe it in the opposite
di rection. At2r{aRged dmthe mperideaiceadi Theasgnsprs toqingnitoriag the svden 24 and(asr al

times its profusefe |S2Rg4R I tcantélgo YelaRindddCirPHd FdIGwiRYLAiIR sdeh a8Sthd

result of which the materi al cross-linking structure’is substantially
refined and %‘t"g?‘%ﬁ’ﬁ ﬁe?fé’dtheTWv%C"@N%P@%ﬁ'?@ i‘ﬁ atqeetrehagaing rde-mixingo®fi ther ed
wi th thesai d phtef@nofiponamd detectors 26 and controlled electronically via
the control and instrunmentation unit 19 in order to prevent themfrom
tearing. At the sanme tinme an internediate quality control of the

The basic element 1 is additionally equipped with a heating/cooling device 18 in
order to be able to produce a constant temperature, here for example room
temperature preferably up to 22°C, that can be set and controlled with the control
19. The temperature is monitored with the aid of the temperature sensor 36, or also
20 with several temperature sensors 36 arranged in the individual devices of the basic
element 1. The control 19 is structured in such a way that it not only assumes the
task of controlling the temperature, but also all other control tasks in the extruder

system, for example the control and regulation of the actuators and drives.

After the emergence of the capillary 25 from the discharge nozzle 5, they are
25 passed on to the pulling device 11 through the closing device 10 that has a closing
mechanism for closing the discharge nozzie 5 and a mechanism for threading into

the pulling device 11.

The extrusion die 4 or parts thereof such as a mandrel 47 is located rotatably about
an axis that is co-linear with the capillaries 25 produced or the central supply of the

30 expulsion gas 9. The rotation of the extrusion die 4 or parts thereof is driven by the
axial drive 6




strength achi eved, the wall thickness, the dianeter, the uniformty of the
capillaries 10 etc. is conducted via the sensors 26. After stretching and
twisting to the desired |l ength and above all to the necessary thickness or
wal | thickness, the capillaries 25 produced can be used directly, if e.qg.
the extruder systemwas installed direpg%y at the point of the application.
There is a further possible way of transtormng the capillaries 25 into a
very 15 permanent form of _durability. Iq_or er to achieve this, a.drying
devi ce 12 1 WilpMBaRssNion frbeRonFRs! Ligopyling §ovies {1 Ganeabrnce BFiadioh 1o a
preci sely def iyederiesi habppdBite SdittcBors ont Bt sanTd &nfeihet @ipillgy 25 «ar e ed out
by noi sture sensors 27. After .the drgin device 12 cutting, device 13
and a wi ndi fifpiehadi teeseyarg! Bmes i1p freqysgd et WA the ok e PUlBIZEVRE 1T as - an
assenmbly unid 5 4Gt aRdnRAGKE REhtdHA br drdEs-Bhien L SrREESS aubstartiblerefih&d Snd
appropriate storage 15 and transport 16 to the various forns of

appl i cat i onSePoiishedwi de are easily possible. In order to be able to pass
on the dried capillaries 25 for appropriate use, it is necessary to treat

them further accordingly, for exanple to nojsten themfor i cal
appl i cati ongl® ﬁFﬁi%'?'”Q:@?*thﬁi ‘ﬁ‘p'?'ETyr'Eu tﬁfﬁ’ge‘g'gg{hﬁcﬁ"%Ptﬁ?'?‘?@r%%ﬁ%egf%rﬁ &
provi ded i naff Eleiirdlled @detremicalsy s evd euisttl andSnstafmérastionDist U9 ¢ cakt ent .
Figure 2 is a schemat,c represgp% ation ?—f a L%‘Cti cal. enmbodi ment

gy arh

I f, the
basi c el enrIRYe tagm g dsaringqet the syl I tedie gug! }SiCPi‘%‘?'yO?é%‘? The
structure ofirdnh@ adhigied, HeeRBnthicknkss, IO Wamdidr, CNGiivkRitpbl theheusiarigs 38
with inlets 46 that are. distri buted about the circunference for the

expul $¥ on & 19 CORHlqs MR 1 €38 Gi 4Pm 8, 30 the basic/parent material 28,
the additives 29, the adm xtures 30 and a further -14- conponent 31, as

well as with inlets. and tlets for the atin nd. coolin ystem_ 18 not
shown her e.kfﬁétﬁg%%%an(g&méw boegﬁr%??ﬂfggge%qm%&gaa%&vea%t tgg\t/\]%oqegg%sgﬁ}éndi ng
on the prodbikhess orengi theknédg teacadilidrice 25 wheuwebycanhee desi diedttidi ifrelgsi ons
t hat can | [ e ord

T R L T e L o A e
and/ or bl ock-shaped. The housing 38 is closed with a flange cover 39 to
b cnoh" ol AT 0 QLG bR ppopl gl 1 ey ves @
ensur sl permanent form of durability. In order to achieve this, a drying device 12 is provided
in which the capillary 25 produced is dried up to a precisely defined residual
moisture content. The monitoring is carried out by moisture sensors 27. After the
drying device 12, a cutting device 13 and a winding device 14a or a folding and
laying device 14b as well as an assembly unit 14c and packing unit 14d are
20 necessary. After this, appropriate storage 15 and transport 16 to the various forms
of application 17 worldwide are easily possible. In order to be able to pass on the
dried capillaries 25 for appropriate use, it is necessary to treat them further
accordingly, for example to moisten them for medical applications. Under certain
circumstances a moistening device 37 is provided in order to achieve a previously

25 defined moisture content.

Figure 2 is a schematic representation of a practical embodiment of the basic
element 1 of the extruder system for producing a capillary 25. The structure of the
basic element 1 is shown. It consists of a housing 38 with inlets 46 that are
distributed about the circumference for the expulsion gas 9, the pressure medium 8,

30 the basic/parent material 28, the additives 29, the admixtures 30 and a further




by the prel oaded bearings 41 that show m nimal play. The bearings 41 are 10
appropriate slide bearings and the seal packages 42 shown serve to separate
the individual substances added and to protect the bearings 41. In order
to realise the exact rotation of the through shaft 40, a conpensation
coupling 43 is provided between the thypugh shaft 40 and the transm ssion
7. After the basic/parent material 28, the additives 29 and the adm xtures

30 have 15 been t r nnecting. m Xxi
secton 44 SATITERE) i w2 W IR End PiB P e MR GR 6 PR B
sui t abl e nmetsostehofvaherd.xi ng are structuring the through shaft 40 in this
area in the formof longitudinal slots or helical grooves or static m xing
el enents that are arranged on the through shaft 40 and/or on the housing
38. For rricthefacmsirigcfﬁd:amlse ptodusedsdifitied beas atvmommhmelin@pmtbprp'rcatwtiorﬂo
roughness of the sur aces t %h ve, ef f gtlve m

PRalPR Y RS
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further corfpegerbvei3d te viichmbbersadmissichor aiththetdniee Goarp |SeCLG'ed‘.I Waﬂrefermkes
exanpl o a6 SHeERdNERGRSERE M LR i dRtped P areehartey bt U IR eRa e
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Wi e housi roducti.on o en capillar i
suppol€ed BYPIEEE o ings sy R 58 AR d BRSO BhirRreBRe Mstsi ng
38 into thendtnhuoaagimbstaa&és 4@deanand hepetat e bedringapt1. trootdmetanoﬂ:tsettmead 45
s 0% bl Bl O RN 3P 4T AT e I 20 R RORTL
this the proessesrethaeicdiough 8hafa#0 bed teathramissidreat | ng and/ or cool i ng medi um
The pressure medium 8 can al so be used as a conpensating nmediumin the

case of fluctuations in the nmetering of the product conmponents supplied
i ndi vi dual IAfterdhe desiclpasentenplatisi 2% trediddtiveridfueard 3z rdmaigeneitabae si de

view of anal &gtt d"ﬁ @E@%Fé e EiH*ﬂ‘Pé’b&Pr’r{éEu@J mlt){tﬁq s&%’éh GGl R W th a
di schar ge noz2| o] e rern or ced ex d 111 m40.
the rotation of the through shaft 40. Other suitable measures for mixing are
structuring the through shaft 40 in this area in the form of longitudinal slots or helical
grooves or static mixing elements that are arranged on the through shaft 40 and/or
on the housing 38. For micro-applications it is sufficient to produce appropriate

20 roughness of the surfaces to achieve effective mixing.

In addition integrated sensors for monitoring the mixing 24 are arranged outside or
preferably and more effectively inside the mixing section 44 in order to be able to
monitor and influence the mixing operation via the confrel and instrumentation unit
19. Shortly before the end of the mixing section 44 a further component 31 is
25 metered in so that the complete mixture makes its way into the nozzle head 45 that
is designed to be exchangeable, for example as an exchangeable head, and is
discharged as an enhanced capillary 25. As an alternative the nozzle head 45 can

be firmly connected with the housing 38.

The production of the enhanced capillary 25 is supported by the expulsion gas 9 that
30 is conveyed through the housing 38 into the through shaft 40 and there centrally up
to the nozzle head 45 in order to inflate the capillary 25 from the inside. The




The alternative basic elenment 48 consists of a basic body 49, a cover plate
50 with structured duct 51 and a connecting plate 53 for the inlet of the
basi c/parent material 10 28, suitable sealing systens, correspondi ng
pressure-resistant screw fittings and a flat filmnozzle 56. The
basic/parent material 28 is also neteregsbwith the aid of a device for
produci ng pressure 20 as shown in the first practical enbodinent (see

Figure 1). The, heatin coal.i ng stem1 I OVi d in.the basic body
102 The  coverisprave §6° ARe iy e Sl Fodbl e Ao uitd I oy i mg
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static_m xing el %ments 59, simlar to the caterpillar m xing principle,

wher ety t héd e i'or?dn‘é"l“%'ﬁents 59 have a 20 tooth-like form As an
alternative the mxing elenments can be structured S|mlarly or differently
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di stributions of the pressure conditions are taken into account over the

entire width
The mixing section 58 in the cover plate 50 displays static mixing elements 59,

similar to the caterpillar mixing principle, whereby these mixing elements 59 have a
20 tooth-like form. As an alternative the mixing elements can be structured similarly or
differently with different basic forms (e.g. angular, round, arched, spherical,
aspherical). In each case a similar structure is provided on the opposite side on the
basic body 49, by way of alternative also a mirror-image structure. The structures of
the mixing elements 59 are connected firmly and indivisibly with the basic body 49

25 and/or the cover piate 50 in the practical embodiment shown.

The flat film nozzle 56 is as shown exchangeably connected with the basic body 49
and the cover plate 50. This comprises advantages, such as for example changing
to different film thicknesses and fast cleaning in the event of any possible clogging
of the nozzle 56. The individual changeable nozzles 56 display a corresponding
30 setting area 52 for the thickness of the film 60 at the outlet 61 that can be simply and
exactly adjusted, set, and above all locked, and is set up by the operator or

automatically set via appropriate actuators with the aid of the process control 19.




and |l ength and hence an optimal film 60 can be produced. For easier

expul sion of a reinforced film 60, additional expul sion gas nozzles 62 are
installed within the flat nozzle 56. In the practical enbodi nent of the
basi c el enent 48 shown, as can be seen in Figure 1, sensors (24, 36 that
are not shown here) are 10 provided insjgle the basic el enent 48 so that
they can intervene in the process automatically via the control 19 in

order to itor the m xin nd filmproducti.on racess. With th

oot con T oD O bRReRRD TR LR, B AR bradtih LB ees 11
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that a wuniformfluid pressure results. This is controlled via the control
and instr urm;mteat;lboaxpmﬁorvaﬁaaebhfxaroeﬁaﬁlmiﬁe s@bﬁﬂwa@éxﬁd@omgessmmescm areder s
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addi tjves 29 and, ad ures .30, ar dded vi arat e |nlet
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connect ed ach ot h]e%rlldo jessure- tight, but detachable with

ith e
appropri at & 9WH&F'8Hr TS 55, i.e. a sealing system54 is provided
between the individual parts without this sealing system 54 com ng

directly i r|1=t|§)ur(<?:0.ﬂ} Q%wswa ttcyb &rQ\?v of the practical embodiment shown in Figure 3a of the
mixing device and the extrusion die with the discharge nozzle. It can be seen clearly

how the supply of the basic/parent material 28 is realised. Two pressure cylinders

20 32 or pumps are switched via a valve 21 on the outlet side in such a way that a
uniform fluid pressure results. This is controlled via the control and instrumentation

19 variably via the speed of the pressure cylinders 32. Inside the practical

embodiment of the basic element 48 shown is the pressure area 57 into which the

basic/parent material 28 is introduced as shown in Figure 3a.

25 In the transition area to the mixing section 44 the additives 29 and admixtures 30
are added via separate inlets 46. It is equally possible to pre-mix additives 29 and
admixtures 30 outside this alternative practical embodiment of the basic element 48
with appropriate metering and mixing units 63 (not shown here) in the desired ratio
to each other and subsequenily meter them directly or at a later time as a mixture. It

30 should be noted here that the inlets 46 for the additives 29, the admixtures 30 and a
further component 31 are arranged in the direction of flow, at an appropriate angle
that can be determined exactly by simulations. The individual parts of the basic




product. Alternatively to this, for exanple, a conpletely seal able conpl ete
housing is 5 possible, for exanple for a disposable unit. The wdth of the
filmnozzle 56 is selected freely in accordance with the respective
application. A cylindrical outer form was selected for the basic el enent
48 shown here. Figure 4a is a sinplifiegyview of two pulling devices 11
arranged in series. Wth the first the capillary 25 and in other practical

nmbodi ts th d, the fi 3 10 the fil.m.,6 t of

T T L R i A A T

t he requir egbpiremr@ttéiy_aiedighhdi cémas $5, I.eiezabdaaﬁln?@stearpm is mgxiicljd@bbmnlﬂe gr e .
t ted in. a h .04. Each of th in Vi Ces i ed w

the Tol | ovi RgVPUE o MgRtt AR e Bigesy Terh 84, orag, are ol aRdoaiachaadls o

?-r ibpper 1ggi mmd%ﬁd_ii aﬂtérgao\ti\@lyStgftlaﬁs,g‘bab?mn?e,Cﬁ (t:qirhﬂetelyfsew]alﬂhl?cbmﬁlemiduléﬁh@it@?2%5,

| Dres or | a a non-de Iuct.l re as Oor .1 he ro . y

b0 308) oesinig 1 or el SRBOSe A NERLFGRE RE R i rlreR HF b

magni t ude ofclatted be@Y irescoardhnce a5th tHd eespustherapplicatioat A @plirifdalgutgrfessur e

gripper units 65 c ary dependi on the area of application. The
transport if°% eﬂ?‘?g%;{r?% aS'%gle@‘?BB‘?%F%‘?W? Eergarri ed out with controllable

drives 66 and the rotational novenent 20 about the product axis is carried
out with c | | abl e i.ves 67. .For this vacyum and conpre air
oupply 6. (0,8 Bl sPHRfET vBiar %G mbllhd R Srh ey RORPRER AR AR e
gri ppers 65irsirtee sepilaydSsnd eguihar pracitcal eambsdien®heattraad cop\idyonobelt 71
wth adj.ustabl e and, pre-stressed l.ength 75). FEar ape, pulling. device
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the event o r ct_con t, . ai.r af. grippers 69 always cl oses about the
pr oduct likcLevg:e%g:’frar%]m??%%%g'm %ﬁggsm%gﬁangenent is expedient as in this way

t he nunber of product-holding grippers 65 can be varied according to the

the. pr oducta e YEgHtles SRS J00F clbbed Y PLi B AnR entorRE SR MR D er
conveyor belts 71 is designed so that it can be set and controlled in order

to ensure f N5 I ME U LK - osi L . Ar s (25,
50, 103) vy en L T ap e Bl CaRieEl uthe Ay o sl o O eor
bel t s1971 ofPredush (capdlarips 2P fiyesld (B o filne Sbane atrew-dastrpealivel relsase of drader to

produce an gy st @bl 8o aii§h) especially with structures with dimensions of the order of
magnitude of micrometres and less. The number of suction and/or pressure gripper

units 65 can vary depending on the area of application. The transport in the direction

of expulsion is carried out with controllable drives 66 and the rotational movement

20 about the product axis is carried out with controllable drives 67. For this a vacuum
and compressed air supply 68 is provided that is only shown schematically in Figure

4a. The grippers 65 are secured at regular intervals X (70) on a conveyor belt 71

with an adjustable and pre-stressed length Z (75). For one pulling device two of

these conveyor belts 71a, 71b equipped with grippers are provided that lie exactly

25 opposite each other and are counter-rotated, so that in the event of product contact
a pair of grippers 69 always closes about the product like a pair of tongs. This
arrangement is expedient as in this way the number of product-holding grippers 65

can be varied according to the application, whereby at least one pair of grippers 69

takes up and holds the product (25, 60, 103). The distance Y (72) between the two

30 gripper conveyor belfs 71 is designed so that it can be set and controlled in order to
ensure safe and non-destructive pick-up and depositing of products (25, 60, 103)

with differing dimensions. The drives 66 of the gripper conveyor belts 71 of each




controllable pulling force for the product (25, 60, 103). The pulling force
is nmonitored by suitable sensors, in the practical enbodi nent shown torque
sensors 73, optical product nonitoring sensors 26 and speed sensors 74,
and regul ated via the 5 common control 19 in order to prevent rupturing of
the capillary 25 or in other applicatiggs the fibre 103 or the film 60.
The central axis of each puIIing device 11 expediently coincides wth the
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65 for plckPn ecal Iar or also a |ns hermatic form
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65. This distribution avoids possible excessively long adhesion of the
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: radius of the capillary 25 or the fibre 103 in order fo prevent destruction or

deformation of the very small capillary 25 produced.

In the duct 76 small outlet and suction nozzles 77 are arranged centrally for vacuum
and compressed air supply 68, that each displays a horizontal connecting duct 78 in

20 the bottom third of the gripper 65 that is connected with the nozzle cpening 77
through vertical connecting ducts 79.

In the top view (Figure 4b bottom) the arrangement of the nozzles 77 in the duct 76
can be seen, whereby the number depends on the dimensions of the product (25,
103) but is basically freely selectable. To ensure safe guidance of the capillary 25
25 the duct 76 runs along the entire gripper 65. The nozzles 77 are disfributed as
follows: as blower nozzles 80 in the outer areas and as suction nozzies 81 in the
middle part of the gripper 65. This distribution avoids possible excessively long
adhesion of the freshly extruded capillary 25 to the nozzles 77. Alternatively the
nozzles 77 are not divided into blowing and suction nozzles, but instead the nozzles

30 are all together supplied with underpressure (vacuum) and only subjected to a




conpressed air gust shortly before rel easing the product (25, 103) so that
the grippers 65 becone detached fromthe product (25, 103). The gri ppers
65 for grabbing capillaries 25 or fibres 103 with dinmensions in the

m cronmetre or nanonetre range are produced with the aid of

m cro-engi neering 5 production processes. These include mcro-mlling,
mcro EDM ultra precision nmachining, various etching nethods, thin-I|ayer
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films 60 sc@r&]mts Eabtgomendetactsddenm itrenwro&ud (28 1@6)1 op) and in a top view
from above (Figure 4c bottom. 10 By contrast with the gripper 65 shown in
Figure 4b, in this practical enbodinent the surface of the gripper 83 is
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provi ded that are supplied with an underpressure and are only subjected to
a conpressed air gust before letting the filmgo. The evenness of the
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69 with a picked up capillary 25 in a Si sectional viewin a plane
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of the basic el enent shown i n Figure roduce a reinforced capillary

25. -to- Tﬁ@ep?%{qSCaT ageriskisdniiied sm@fm}m Oé?fd hgl entise Herfape St wéta| blower
enbodi ment $,09%1et MR at the edge and suction nozzles 81 in the middle part. By way of

alternative nozzles of just one type may be provided that are supplied with an
underpressure and are only subjected to a compressed air gust before letting the
film go. The evenness of the gripper surface 82 is additionally improved by a special

20 anti-stick coating in order to rule out any adhesion of the film 60.

Figure 4d shows a pair of grippers 69 with a picked up capillary 25 schematically in
a section in a level perpendicular to the direction of movement of the capillary. The
adherence of the capillary 25 due to the suction forces can be seen clearly. In order
to avoid damage to the capillary 25, the distance between the two grippers must be

25 varied when a capillary with different dimensions is to be produced.

Figure 4e shows a pair of grippers 69 with a picked up capillary 25 in a side
sectional view in a plane parallel to the direction of movement of the capillary 25.

Figure 5a is a sectional representation of a possible nozzle form of the nozzle head

45 of the basic element 1 shown in Figure 2 to produce a reinforced capillary 25.




di scharge nozzles 45 that are shown in Figures 5b-e and 6 can either be
executed as firmy installed nozzles 45 or as exchangeabl e nozzles 45. It
is further possible to execute all the basic elenments 1, 48 and their
nozzles 45, 56 5 or parts thereof as itens for one-off use. This is
particul arly advantageous for subsequemnt2Geries production. The nozzle 45
has a housing 84 that is produced fromone piece or as a housing 84
divided in the mddle and an inner core that is executed as a rod or

mcro-rod 47. Thé ptrmcblegmnaumgencn‘ sﬁ@ﬁﬁ|a?1d45ll Icﬁhérhgralct”&aﬂerﬁ@edwﬁén@l semy
described it %;El?SSI %5 g i nt.roduc ggl tional n’gonent 31

t hrough this %' 99 "FRHS 0 R e vy Ing re?) G @@a” Sherrsytede
housi ng 84 anak firady ihétalled AcxABS 45/ ordsdx@haiRdbrRddkies hgr ge chamber 85 t hat
tapers towards the nozzle outlet side 87. Its cross section at the end of
the nozzle may be just a few micronetres (depending on the application).
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execut ed as asubseqeimhaeresiprodymion. and at the start - here the part facing
away fromthe nozzle outlet is neant - has a connection 86 (not shown in
Figure 5a) to the through shaft 40 of 20 the basic elenent 1. As in the
practical enbUw mezate £hlosana hobing 84 tret {5 prodiB@ddaom bee pices it as aamuan@laug
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fixes the position of rod 47 in relation to the rest of the extru5|on d| e.
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di scharge chapggicths reduced step by step up to the nozzle outlet 87. It
is necessary here to find an optinmal transition angle and an optimal form
of transition with the help of sinulations. Furtherrmre it is necessary to
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Fi gure b5a, that is tight enough and can saf el stan

85 that tapers towards the nozzle outlet side 87. Its cross section at the end of the

nozzie may be just a few micrometres (depending on the application). The micro-rod

15 47 is completely hollow inside so that a medium 9, for example gas, preferably air,

can be passed through to inflate the capillary 25.

As in the practical embodiment shown, the micro-rod 47 can be executed as an

exchangeable part and at the start - here the part facing away from the nozzle outlet

is meant - has a connection 86 (not shown in Figure 5a) to the through shaft 40 of
20 the basic element 1.

As in the practical embodiment shown, the connection 86 can be executed as a plug
connection, preferably conical, but also as a screw connection or by way of
alternative can also be welded or glued with an appropriate adhesive. It fixes the
position of rod 47 in relation to the rest of the extrusion die. The exact centric

25 position of the rod has a crucial influence on the true running of the rotation motion
of the rod 47 with respect to the basic element.




necessary inner pressure. The discharge nozzle 45 is produced with the aid
of classic nechani cal engineering processes and m cro-engi nheering
processes such as erosive procedures, e.g. wire- cut EDM and cavity-sinking
EDM or LIGA technol ogies (lithographic and 10 gal vani si ng processes).

D scharge nozzles 45 for capillaries 25y th di nensions of the order of
magni tude of mllinetres and mcronetres right down to the nanonetre range
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mat eri al od e, ddnletr \r/egur29 the adm xtures 30 and for the additional
conponent 3'1 1523 <R peéy \?/ay of exanple three positions for the sensor
for nonitoring the mxing 24 are shown in the m xi ng chanber 44. The

| ateral o upport
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t o t he practngakarhdodidweed woh mozzngingsrishpracesseski gur e 5b, the position
of the rod 47 relative to the nozzle housing 84 is adjustable, as indicated
by -22- the_arrow 89a. The E)OSItIOI’lI ng is effected automatically with the
ai d of the IgHte §b shawa 3 figihenpeartisrl embodiment of thendisolarge MREERMEsH126f t he
capillary |gsssls @ptrnmgedoeﬁdhbmsoh%tgerfasinéekerfqiaa; weiréawtanwﬁ&%@@p 84 in

the direction of the course of the ca pr oduced
15 87. There are lateral outlet apertures 88 in the rod or micro- rod 47 that point in the

direction of flow at a shallow angle and are arranged at intervals around the entire
circumference at the head of the micro-rod 47. Such lateral outlet apertures can
alternatively also be arranged in the housing 84 or both in housing 48 and in the
micro-rod 47. Fur”thermore, all inlets 46 for the pressure medium 8, the expulsion
20 gas 9, the basic/parent material 28, the additives 29, the admixtures 30 and for the
additional component 31 are shown. By way of example three positions for the
sensor for monitoring the mixing 24 are shown in the mixing chamber 44. The lateral
outlet apertures 88 in the micro-rod 47 provide additional support for the product
discharge as they bring about a simpler and more even product discharge through
25 the addition of an expulsion medium, here preferably a gas. This relieves the burden
on the micro-rod (smaller frictional forces, avoidance of adhesions). The same
applies to the possible additional ouflet apertures in the inner wall of the housing in

the area of the discharge/exchangeable nozzle.

Figure 5¢ shows a further possible practical embodiment of the discharge nozzle
30 45, In addition to the practical embodiment of nozzle 45 shown in Figure 5b, the

position of the rod 47 relative to the nozzle housing 84 is adjustable, as indicaled by




5 Figure 5d represents a further practical enbodi nent of the discharge
nozzle 45. It shows both a short m xing chanber 44 and a shortened

di scharge chanber 85 with which a reinforced capillary 25 may yet be
produced. The nozzle 45 shown has a nozzle outlet aperture 87 with an outer
dianmeter of 20 pm Such a nozzle is inyparticular suitable for producing
products in the nicronetre 10 range, for exanple capillaries. In contrast

to the prac |caI e ment s,.shown | ure 5d, al so hows

t he connect t [ PRY BTN &n chgfga%@m?ﬁ%allyd’ﬂm&%d rog(‘]“eﬁon

short ened cmt:si‘rasmame@tm;desmgmg Ofhet st @ickness ainhelbapikdrg & daawid the @b@:ﬁon
producti on | s execut ed an,_exch e art dt nks

pl ug connec?i r8ﬁ 4(,7ar|‘*?%é' el@”ﬁlé‘ga%fﬂ\r}aﬁ dfr?%m% Cﬁgh“?ﬁ Lﬂ'ﬁ‘aﬁ?g}?acfacp é’hat is
why it is e@diegsrotiocee ean the nozzle. Mreover here it is also p033| ble to
convert the extruder system quickly by exchangeable nozzle heads 45 and
exchangeabl e mcro-rods 47 to adapt to other dianeters of the capillary 25
to be produkigdre Bigepresérds shovserapriutidahembpdiaint o’atheedmﬂd'rgmncbzzm‘ 48liischar ge

nozzl e 45. The di fference rison w.th recedin zl es 45
Ces here i MG PRAT RS T EY 47 Ha8 SHOHPURe ForiArat CrECRaaHvY>

unl i ke t hosehisthawsin&ocddacapillthe2phnag yesbempdaucaf a porous materi al vmth

m cropores 92. That is why a nore even capillary 25 is expelled in the

inner area. In addition it is shown that the inlets 46, which have been
pl aced her eTtandozze 4% sho@b hes merozzeprdiet apaturedd with adneutmlr aregnatbr 6heo

draw ng for De t i ferentl than in
The b act AR Shala e B ARG Pl R P AL R0 ) bt R pdrnt
mat er i@l 28angddoraidinthle espil®@icand t he admi xtures 30 as vveII as for the
addi ti onal conponent 31 run perpendicular to the direction of discharge 87
and are arranged in the area of the through shaft 40 and in the area of

the rod 47.InHengagia ey prmcticaliembddinerd shewn ihhagdies ciamt.eFigntse Sdralsthe
di ameter ofgthe Eﬂ@%&n@bﬁﬁg% & & 3mrdif HarPho tcﬁit&@%é n’ﬁﬁf&%g 4P The

Furthernore, it 1's possi to arrange~the 1nl e 1 ndiVvi
conponent s ahﬁrtgmdwcgnsxwt@md@mg:h@f érampzstnmrsd@aaiscbéeqmteas @todugtion. The

tangent i al Injg YRR 1 ofehaHEEaoREpA M RS td & pREEohhEBohtah GRS essur e
15 be removed from the through shaft 40. That is why it is easier to clean the nozzle.

Moreover here it is also possible to convert the extruder system quickly by
exchangeable nozzle heads 45 and exchangeable micro-rods 47 fo adapt to other

diameters of the capillary 25 to be produced.

Figure 5e shows a further practical embodiment of discharge nozzle 45. The
20 difference by comparison with the preceding nozzles 45 lies here in the fact that the
rod 47 has a plug form at the head 92, unlike those shown so far. The plug is made
of a porous material with micropores 92. That is why a more even capillary 25 is

expelled in the inner area.

in addition it is shown that the inlets 46, which have been placed here and in all
25 other representations in the plane of the drawing for better understanding, can also
be arranged differently than in the practical embodiments shown so far. The inlets
46 for basic/parent material 28, the additives 29 and the admixtures 30 as well as for
the additional component 31 run perpendicular to the direction of discharge 87 and
are arranged in the area of the through shaft 40 and in the area of the rod 47. Here

30 they are distributed over the circumference or the diameter of the basic element 1




5 device 93 is also provided for expelling the capillary 25. The suction
head that in accordance with the invention can be placed in front of each
nozzl e head 45 of the basic elenment 1 is designed to be exchangeable for
the different dianeter ranges. As required it can also be used for the
second practical enbodi nent of the basigz_elenment 48, but only in a
slightly nDdified form i.e. adapted to the filmthickness and 10 wi dt h.
The suction 4 has_sever.al. i s 93a. distri ed ov

Ci'r cunt er andaios g e 2By s TR SR bl Rt S G pedte 49"

di stri but edthenndihieusiacompenentsoin siekta aalithg thbecosyoheois caedbaimetdetivieen t he
inlets 93a @nd th outlets 93b the suction nmediumsurrounds the fluid to
be di schar g&d Entrains it inits flowso that the fluid is discharged.
15 Figure 6a is the representation of a further alternative practical
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in Figure Sﬁﬁt tﬁéﬂﬁﬁ\égélg%?@%{o (ﬁr ating procedures of the practical enbodi nments

of the ext the preceding figures are possible: On the
one hand a fixed housing 38 of the basic el enent can be used together with

a fix )C?rﬁggF E?%d{h%'reg%genté@n épé‘tfudr‘%r%ﬂémgg Ve E%cﬁé(al e%b%h\rﬁ&lt o?*i'ﬁe Lot

(40, 4 ectio
nozzl e 87 diisdhacde mrzzle 45 and a basic element 1 simplified by comparison with Flgure 2 to

produce reinforced capillaries 25.

The hasic/parent material 28 is mixed in suitable mixing and metering apparatuses
95 {not shown in Figure 6a) with the additives 29 and admixtures 30 and
20 subsequently introduced into the basic element 1. An additional component 31 is
then metered into the basic element 1 shortly before it is discharged. This
simplification means that an even considerably shorter installation form can be
selected for the basic element 1 with the discharge nozzle 45 than for the practical

embodiments shown in Figures 5d and 5e.

25 Thanks to its very short installation form there are much better production
engineering options right through to dimensions in the nanometre range for nozzles
45 and rods 47, through which an even smaller diameter of the capillary 25 can he
achieved. Equally it is possible to produce strands, threads and fibres 103 as well as

films 60 from different materials with the practical embodiment shown in Figure 6a.




oscillated by a flexibly working pressure conpensati on nechani sm 20, for
exanple wth cylinders 32. The m xi ng chanber 44 and the di scharge chanber
85 | ocated between the core (40, 47) and housing 84 formthe jacket of a
cylinder or cone. The basic/parent material 28, the additives 29 and the
adm xtures 30 are m xed as 10 al ready shown or netered individually into
the discharge chanber 85 and the additional conponent 31 is added shortly
in front of n r ( 4)..0f, 1 he
basi ¢ ol onoi LRa e F R RS R a0 W Pealee R 0% (B g el o

used. In adﬂesmﬁﬁjmheepnﬁmdmgd@UmEHEﬁen$$mef t he practlcal enbodlnents
shown can be 15 conbined with each other in accordance with the nodul ar
principle. Mreover this facilitates naintenance and cl eani ng works. For
thi s purposenihedend darad a fixeehdlsings38 ohihe dlasic demeldgiagrisdussddhgethet witthey can

be, connect efuyid L0 7 o 1BUkSlnkOEltds o3t of 30, Hirked anad o hocked.
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heat i ng/ cool'ing system he c I'at e Sensors
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;expul si on gas ransp asic r ésent ed
can be us@ddﬁionalm@mmpbet 3piplaidded Blaerdy inifrant obibelnokzale. cool i ng and heati ng
the parent material wused, as well as for inflating the capillary 25, as
al ready descri bed above. The 30 expul sion gas al so provi des support in
dryi ng t he fyribaimears. alretabiry hpysing 8 Badoicthe desicpigperisandra éxedk pered#Bn gas

can al so b@??ﬁ@ﬁﬁﬁ%n%g?@@ﬁb@&m@ﬁe§§é950|S wher eby an -25- additi onal

option for adm xing the particles Is provided outside the basic unit 1. The
expul sion gas can then be used, for exanple, as a carrier for nedi canents,

so that tihe ek ®&aAGvRLal BRIRAR bl 8l pR16s GRBSIRENRT ARt caambde
provided with a nedicinal coating. In the basic elenent 48 shown, the
expul st on §agPERA WEh gadyother in accordance with the modular principle. Moreover this
facilitates maintenance and cleaning works. For this purpose individual assemblies
can alsc be designed such that they can be connected with the aid of quick locks
that can be fixed and/or locked. A further advantage is the very simple, short and
compact assembly of the extruder thanks to the modular construction. Assemblies
20 such as drive unit, bearing, through shaft, mixing and discharge module,
exchangeable nozzles, suction unif, common housing (divided execution also
possible) and sealing packages as well as the pressure units for the supply of the
components can be combined simply with each other. If appropriate the
heating/cooling system, the control, and if required appropriate sensors and
25 detectors for monitoring can also be added. This allows a simple, flexible and swift

assembly of the extruder, in series production {oo.

The expulsion gas 9 (transport fluid) of the basic elements {1, 48) presented can be
used for multiple applications, i.e. both for cooling and heating the parent material
used, as well as for inflating the capillary 25, as already described above. The
30 expulsion gas also provides support in drying the products already in the production

process. The expulsion gas can aiso be used as a carrier of aerosols, whereby an




5 through the expul sion gas nozzles for unilateral and/or bilateral coating
for exanple wth aerosols or nedicinal nolecules if these nozzles are
integrated into the upper and/or lower part. In the sane way different

ki nds of coatings are conceivable here, for exanple to realise coverings
for products. The expul sion gas can al sgsbe used for drying, for exanple
for pre-drying or initial 10 drying of the capillary 25, as well as for
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practical eggbeifgsto re%mgy\@oueﬁngg@rﬁmﬁm@f a hollow cylinder with an outer
dianeter of 3.5 mm It is thus also possible to introduce a filme60 with a

maxi mumwi dth of 3 mminto a body if an appropriately adapted injection
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el ement | widdd. exchangeable | nozzl e 45, exchangeable rod 47, suction head
94 and appropriate guides from above. A precise guide 96, 97, 98 that is

| argely free of play and ensures that the 30 said conponents are oriented
exactly wi tlhguh.eﬁlaxhswst a pnactieslsanyodinenitdiehaaxtonst sgstemxo lkangdande wite

nozzl es 45., The basi h t he
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noved
possible to infroduce the product 108 at spot locations and/or over a full area at

defined places.

For example the basic element 1 shown in Figure 6a can be used without an electric
drive 6 but with a device for producing pressure 20. Discharge is then effected
20 through a nozzle 45 in the form of a cannula or through an additional cannula 107,
The cannula 107 of the injection unit 106 is designed in the practical embodiment
shown in the form of a hollow cylinder with an outer diameter of 3.5 mm. it is thus
also possible to introduce a film 60 with a maximum width of 3 mm into a body if an
appropriately adapted injection cannula 107 is arranged in front of the basic element
25 48. The length L of the injection cannula 107 can be freely selected depending on

the respective application.

Figure 7a shows a schematic top view of the basic element 1 with exchangeable
nozzle 45, exchangeable rod 47, suction head 94 and appropriate guides from
above. A precise guide 96, 97, 98 that is largely free of play and ensures that the
30 said components are oriented exactly with the axis is necessary for the automatic

exchange of the nozzles 45. The basic element 1 with the exchangeable nozzle 45,




fromthe basic unit 1 with the aid of 'suitable novenent nechanisns up to a
defined 5 position. The exchangeabl e nozzle 45 is noved with a second
novenent along the arrow 110 up to a defined point, fromwhich the
exchangeabl e nozzle 45 is noved sideways to the guide 97 in the direction
of arrow 111 in a depot 90. In this depg§_ 90 the change to another or the
same nozzle 45 is carried out manually or preferably automatically. After

this the hapdl.i device far, the exchangeabl e rod, 47 % al ong
the third gledela RibETed 47 Asfing RSN RET IR Pl o R e ot B e guP oo
96. In the fodndhg nrgod@vém:te drdSnecegsarppier emhgﬂltam rﬂo]zﬁtel g5:.poni thed fitshat
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for operatlé%n again. Despite the several novenents (109-114) necessary for

this change,""the automatic 25 and very precise exchange of exchangeabl e
nozzl e 45 and exchangeabl e rod 47 is possible within a very short tine.
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appr opr i at easslesortse arr@w-113a from the through shaft 40 of the basic unit 1.

With a movement in the direction of the arrow 114, the handling device 115 moves
on the third guide way 98 up to the depot 91 for exchangeable rods. There the
20 corresponding exchangeable rod 47 is set down at a predetermined position and a
new rod 47 is picked up. In order to bring the new components to their
corresponding place the procedure described is executed in the reverse sequence.
After this the basic element 1 of the extruder system is ready for operation again.
Despite the several movements (109-114) necessary for this change, the automatic
25 and very precise exchange of exchangeable nozzle 45 and exchangeable rod 47 is
possible within a very short time. Changing by hand does not produce the necessary
precision here and would thus take considerably longer (even though it is possible).
The movements (109-114} described are executed electro-mechanically and by
way of alternative also pneumatically with appropriate drives. On the grounds of the
30 small dimensions micro-motors and precision fransmissions are used. As an
alternative, micro-positioning systems can be used, and for correspondingly larger
dimensions electric motors and positioning systems. The movements {(109-114) and

the positioning are monitored and steered with appropriate sensors.




Figure 7b shows a side view of the device represented in Figure 7a. The
basic elenent 1 with exchangeable rod 47, the exchangeabl e nozzle 45 and
suction head 94 are installed in one axis on the first guide 96, whereby
the guide 96 is arranged below the basic unit 1. However, by way of
alternative it can also be arranged aboye_5 the individual elenents. If the
second noverment 110 is executed far enough, the third noverent 111 can be

wai ved if o chan e bl e 47 i ed. an, .

ot e mat 1 veriahet 1B, Be vy o 8 oo Rafan BN IS S A SR beia by
mul ti-axi al elbmadi 1 mghre&blﬁzingfebale ros 4rﬁpmetexomm¢eselparcﬁtz[elcw arexguction bibad basi c
unit 1. The equi site .for .thi.s,.i s a ver on of the axis
preci sion (7% 35905 B?‘:g'”i WG s ﬁﬁﬁ'&%@'ﬁ@“@ﬁﬁéer%s B?%@P@g Brod0esDi 1ty
(1 pmor nobeoptechss) unint tHeveeoiynody ofgtenfatitd e clandmsol uataraped abpes nt - or
end and tar oints ec te {ﬁt&e exch abI e

i bl t
A PR T e e e BRGNS SO R Pt R

Fi gure 8a sihpwsmavdre@itesenicah i s waived € ol mad isaohafgebbieedbasiis tel earent s
48 arranged bove one another. In other practical enbodinents only two or
nore than % %hsic el enents can be conbined. In the practi cal

enbodi nent shown, two filnms 60 are connect ed after discharge from the
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dryi ng nod Alternatively this arrangenment can al so be used to
pr oduce strands, threads, fibres 103 and filnms 60. -28- Figure 8c shows a
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arranged above one another. In other practical embodiments only two or more than

three basic elements can be combined.

In the practical embodiment shown, two films 60 are connected after discharge from
the basic elements 48 (in Figure 8a marked I, I, [It) via the pulling device 11 that is
20 only shown in stylised form to produce a homogeneous composite film 60. After this
the composite film 60 is dried in a drying module 12 connected in series or

alternatively used immediately, or it is processed further as described in Figure 1.

Each individuat film 60 is coated with the same or with different additives 29 and
admixtures 30, or aiternatively the additives 29 and admixtures 30 are introduced

25 into the films.

Figure 8b shows a representation of a combination of three basic elements 1
arranged next to each other. Three capillaries are passed over the pulling devices
11 after the discharge and dried jointly within a drying module 12. Alternatively this
arrangement can also be used to produce strands, threads, fibres 103 and films 60.




direction of discharge for a conbination of seven basic elenents 1
(designated I- VII). On the basis of the very small dinensions of the basic
elenents 1 in accordance with the invention, a |arge nunber of basic

el ements 1 can be pooled in 5 a very small space. That is why high
efficiency can be achieved in the operapgon of the extruder system
especially as the supplies to the individual basic elenments 1 can be

opti m sed 0ql e d _oper.at ed vi n. Sk ; r it

26, Fi gare B8Rt M ReRar Db el B HB PRRePIERELY o

enbodi ment difecti@f of eschargerfor arcombiratian rarsgeent ivhsis redanerds ris{detignetedt o
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nozzl es 45 sgcoedayped with tsg a&tveationd adange buiiben pof bédixeldments toameepabled it o t he
basic glenment 1 for, capillaries 25.0r strands, threads, . fjbres 103 and
Frat 151 mrbyoPectaletPle RIS g N aTHEROsn o7 REETs: b RBRETORt he 15
one basi c ehenmtruddr $\atan negekaliheadhd Suppitksnouthe iimdviduel tas, elamdntshi f ti ng
of the secondb basi c. el err(gnt i1 to a flagt filmnozzl e 56I ang nount i ng. on
this, make §%' PPHORUTIEPS ALY PRPEAGEE Relp! VP4t {ODECYSHPRY A R B0 ULt Ufthe same
time. Al atther possible conbinations are also conceivable here. In order
to realise this spatial shifting or positioning, sem -autonmatic, or even
better, fully automatic positioning devices that 20 nust possess very high
preci si on dfigureepaahoas cusaemaic aepesesisiory of &Huthagradtoal emkadipicat lvé

real iped Wil f0e el Prol POSLILON D0 gevAGER i NuoeBOLHL LRSI in

. posi tioning Tn the nanomnmetre range. Figuré shows "a "scheffat 1 c

r epr esent ataconrdahcawito thidiarvendiossbpivey pf altirnaiale mengtibah erbasanelepests bl e

application of the i c t, ] - 2 . .ce 99
for pr oducianré Cé)%%?'\é%bqéaa nsC{"t3 %egf%gaqidés% %%%ﬁfﬁpeg%%@%%dﬁgtsﬁéﬁﬁo Stq%%'sa?'b
el ement s. Ifixetl lamdproacedtelalk te i Uasie etenodnt tihier basilaries| 2onengtradds sthosadsi n

Figure 9b t i . I O A LAt alg t brough
e a0 e P UL TR Ry L SROUE S U, g
housi gy 38 afe dsee elerehel headotslel tad 4hen@halinind an dids cérahdeting®f By way
of alternatj n - 7.1 hor d lting i Lo :
ai sehar ge- cwanibPoal GRRRACT Ba B TREHERRGE Sl hbdina Oy b oRREE 1
and not a q@gbibleapypradudera caaligoy 26 eind &l filenfifbal the segediss rillddehafssibie
combinations are also conceivable here. In order to realise this spatial shifting or
positioning, semi-automatic, or even better, fully automatic positioning devices that
20 must possess very high precision and repeat accuracy are necessary, this can for
example be realised with the help of positioning devices with resolutions for

positioning in the nanometre range.

Figure 9b shows a schematic representation of a further possible practical
embodiment and possible application of the basic element presented. A micro-
25 strand device 99 for producing a braided strand is formed from a combination of

basic elements.

In the practical embodiment of the basic element 99 shown in Figure 9b the
expulsion medium 9 is not introduced through the through shaft 40 and the rod or
micro-rod 47, but instead is passed via the housing 38 of the nozzle head 45 into the
30 discharge chamber 85. By way of alternative thé micro-rod 47 is shortened resulting
in & longer discharge chamber 85 without micro-rod 47. The product is then a strand

and not a capillary as in the practical embodiments described before.




-29- lIrrespective of which basic unit (1, 48, 99) is used in this
arrangenent, the device is nounted standing vertically, whereby the

pul l'ing devices 11 are connected in series (Figure 9b shows only three of
seven possible pulling devices 11 in order to retain clarity in the
figure). The individual strands are passgd subsequently through a 5

brai ding device 100 and finally stretched in a pulling device 11 in order

t o produce r.ai ded str t he rodu tion. the ba5|c
i e 066 o Brestitvaiihicn sty e R ps bR cheRo 8RBt el i
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pul si on gas

10 d osin nit 1 Pulling device de |c
bt o temaued singieRadnhet Buth ahes s Rer G SuAd TRa] ST REO TS 14
Assenbly unid4 can be braided.

By way of alternative to the braiding device 100, a twisting device 102 can be used
10 whereby the basic elements (1, 48 or 99) are firmly installed and the threads 103,
capillaries 25 or films 60 are lurned about each other or twisted with each other.

This results in enhanced strength of the products.




14d Packing unit 15 Storage 16 Transport 20 17 Application 18 Heating and
cooling system 19 Control and instrunentation unit 20 Device for producing
pressure 21 Control valve 25 22 Pressure controller 23 Pressure sensor 24
Sensor for nmonitoring the mxing 25 Capillary 26 Sensors and detectors for
monitoring capillaries and/or filnms 30,27 Moisture sensors 28 Basic/ parent
material 29 Additives 30 Adm xtures -31- 31 Additional conponent 32

Cylinder 33, Medi um and. substance inlet 34 Return supply 5 35 Feed supply
36 Tenper aﬁ“u?'@g‘s’re%l%?ﬂg'onﬁ Mbi st eni ng devi ce 38 Housing 39 Flange cover
10 40 Through shaft 41 Prel oaded bearing, 42 Sealing package 43

Conpensat i on coudsidgement

2 Supply device
Mixer device
Extrusion die
Discharge nozzle
Drive

Transmission

w
QW ~N O AW

Pressure medium
9 Expulsion gas
10 10 Closing unit
11 Pulling device
12 Drying device
13 Cutting device
14a  Winding device
15 14b  Folding and laying device
14c  Assembily unit
14d  Packing unit
15 Storage
16 Transport
20 17 Application
18 Heating and cooling system
19 Control and instrumentation unit
20 Device for producing pressure
21 Control valve
25 22 Pressure controlter
23 Pressure sensor

24 Sensor for monitoring the mixing

25 Capillary

26 Sensors and detectors for monitoring capillaries and/or films
30 27 Moisture sensors

28 Basic/parent material

29 Additives

30 Admixtures




44 M xing section 15 45 Nozzl e head, exchangeable nozzle 46 Inlets 47 Rod,
m cro-rod, exchangeable rod 48 Alternative practical enbodi nents of the
basic el enent 49 Basic body 20 50 Cover plate 51 Structured duct 52
Setting area/range 53 Connecting plate 54 Sealing system 25 55
Pressure-resistant screw fittings 56 Flai_fil mnozzle - exchangeabl e part
57 Pressure range 58 M xing section 59 Mxing elenents 30 60 Filns 61

Qutlet 62 ul sj on.. 63 Metering and m xing units 64 Housing
35 65a Suc?ﬁn an@tbﬁgigﬁﬁé&geﬁpper unit -32- 65b Suction and pressure

gri pper uni32 66aCPnidee, adjustable 66b Drive, adjustable 66¢c Drive,
adj ust abl e % 66 Q&L%eanoa%jbg%%\g)ghﬁe@?a Drive, rotational novenent 67b
atl n

Drive, rot onal "novene acuum and conpressed air supply
34 Return supply

5 35 Feed supply

36 Temperature sensors
37 Moistening device
38 Housing
39 Flange cover

10 40 Through shatt
41 Preloaded bearing,
42 Sealing package
43 Compensation coupling
44 Mixing section

15 45 Nozzle head, exchangeable nozzle
46 Inlets
47 Rod, micro-rod, exchangeable rod
48 Alternative practical embodiments of the basic element
49 Basic body

20 50 Cover plate
51 Structured duct
52 Setting arealrange
53 Connecting plate
54 Sealing system

25 55 Pressure-resistant screw fittings
56 Flat film nozzle - exchangeable part
57 Pressure range
58 Mixing section
59 Mixing elements

30 60 Films
61 Qutlet
62 Expulsion gas nozzles
63 Metering and mixing units
64 Housing

35 B65a  Suction and pressure gripper unit




69 Pair of grippers (from65a, 65b) 10 70 Di stance X of the grippers 71la
G i pper conveyor belt 71 b Gipper conveyor belt 71c Gipper conveyor belt
71d Gipper conveyor belt 15 72 Distance Y of the gripper conveyor belts

73 Torque sensors 74 Speed sensors 75 Length Z adjustable of the gripper
conveyor belts 76 Sem -circular duct 2@,77 Qutlet nozzles 78 Inlet supply
79 Inlet supply ducts to the nozzle 80 Blower nozzles 81 Suction nozzles

25 82 Nozzl urface 83, Filmagripper 84 Housing of capillary nozzle 85
Di schar ge cﬁg e%“ﬁ@%@%@@??% gf'ggr ugh shaft 40 30 87 Nozzle outlet 88
Si de out | et 6aper Duivesad] B3blAd] usting option I 89b Adjusting option Il 90

Depot excha able nozzl 35 91 Depot exchangeable rods -33- 92 Porous
m cropor e hggtg ob”f/%’ea(ﬁbsg‘?% cro-rod 47 93a Inlet 93b CQutl et

66¢c  Drive, adjustable
5 66d  Drive, adjustable
67a  Drive, rotational movement
67b  Drive, rotational movement
68 Vacuum and compressed air supply
69 Pair of grippers (from 65a, 65b)
10 70 Distance X of the grippers
71a  Gripper conveyor belt
71b  Gripper conveyor belt
71c  Gripper conveyor belt
71d  Gripper conveyor belt
15 72 Distance Y of the gripper conveyor belts
73 Torque sensors
74 Speed sensors
75 Length Z adjustable of the gripper conveyor belts
76 Semij-circular duct
20 77 Outlet nozzles
78 inlet supply
79 Intet supply ducts to the nozzle
80 Blower nozzles
81 Suction nozzles
25 82 Nozzle surface
83 Film gripper
84 Housing of capillary nozzle
85 Discharge chamber
86 Connection to through shaft 40
30 87 Nozzle outlet
88 Side outlet apertures
89%9a  Adjusting option |
89b  Adjusting option il
90 Depot exchangeable nozzle
35 91 Depot exchangeable rods




93c Suction medium - suction ducts 5 94 Suction head 95 M xi ng and
netering apparatus 96 Guide | 97 Guide Il 98 Guide IIl 10 99 Mcro-strand
basic unit 100 Braiding device 101 Coatings 102 Twi sting device 103
Threads, strands, fibres 15 104 Strand, braid 105 Tw sting device 106
Basic elenment in injection form 107 |nggction cannula 108 Medi cal products
20 109 Movenent 1 110 Movenent 2 111 Movenent 3 112 Movenent 4 113a

Movenent 5a,25 1 vement .5b 3cC venent, .5c 114 Movenent 6 115
Handl i ng de%‘lgce ég@f héﬁ&@%ﬁlhgafj85&?1@9%“98389 4?rechani sms for exchangeabl e
rod 47 30 33#4 COompressive force sensor 118 Exchangeabl e unit -34- Patent
clainms 1. Eé’};tf UdSLtléyStem for extruding a fluid conprising a basic el enent,

havi ng at
93¢ Suction medium - suction ducts

5 94 Suction head
95 Mixing and metering apparatus

96 Guide |
97 Guide |l
98 Guide lil
10 99 Micro-strand basic unit

100 Braiding device
101  Coatings
102 Twisting device
103  Threads, strands, fibres
15 104  Strand, braid
105  Twisting device
106  Basic element in injection form
107  Injection cannula
108  Medical products
20 108 Movement 1
110 Movement 2
111 Movement 3
112 Movement 4
113a Movement 5a
25 113b Movement 5b
113¢c  Movement 5¢
114  Movement 6
115 Handling device - exchangeable rod
116  Gripper mechanisms for exchangeable rod 47
30 117  Compressive force sensor
118  Exchangeable unit




| east one supply device, at |east one m xer device, at |east one extrusion
die, a suction head, a discharge nozzle and a nozzle outlet, characterised
by the fact that at |east one device for producing a fluid flow (transport
fluid) 5 that conpletely or partially surrounds the material to be extruded
is provided, that runs parallel to the-@drection of outlet of the nmaterial
to be extruded, and whereby the fluid is discharged fromthe extruder
system by suction or by pressure or by suction and pressure of the _
transport f| (Raterittadainmsaused by an expul sion gas and that the extrusion die
or parts thereof such as a mandrel 10 can be rotated nDtor driven about the

axi s of the dirgct di sc rge. 2. t.ruder St acco nce
claim1, char acferéixgggg'Jc Ve ra%frugﬁgtaEﬁqlﬂézompggﬁ%Iae efsbcr elﬂF‘?BL%’F‘&'Pﬂ(j’ t he
materi al to be exteastlede sspgly devicke dit lBasibone rabxpudsmmag&sst Ghe dxrusiva e,
Slction head 15 att SRR heRt; nAta R Bep: 4 & poctls olfigk ERerctdined By
accordance with clthe fa& that 3t leslshooe tdevics &t grydudivey & diadd fldvh@tt'arfsbert cﬂu@o;haage
h t ruder

M T T I e R L e
| east one devi ce fioat ronoparalleldo tHeadipatien biedutlet of e rhawvidl 3o Bé ebdemd and

t f h arts tru stem
o aceor dance wi ¢ REans AT ool OB Re iR vt B 8GR PO heac,
desi gned such t hapréssucaor beswctiohand edessare dfithé enasgoripiiuid o ca&@h@}l o
ranges, i s arrang nt, of h nozzl e head o asjic 25 elenent.
7. Extruder syst e%g lﬁigig}é %rs gﬁég&%ﬁ? ﬁX@TSé?W'f or(ﬁ%tg.éﬁ?rgp Y F5y2 Mrdrel ot
that at 10east oneacbepetatsatmaoor-din dhout themuizns #te dicectien ef disghatdeict uat i ons
is provided over the fluid flow conpletely or partially surrounding the
material to be2.ekxtruderdsysteddin 8ccditdncadeith slaipt dncharactedssddanttes faict thacl ai m

4 Characterised e bglach: IRtoblE ML TRASHTS 1 eliGed SRS 1057 ©

are adjusted to the
expulsion gas.
3. Extruder system in accordance with claim 1, characterised by the fact that
15 the suction head is arranged on the nozzle outlet.

4, Extruder system in accordance with claim 2 or 3, characterised by the fact
that the discharge nozzle of the exirusion die or parts thereof are
exchangeable,

5. Extruder system in accordance with ciaim 1, characterised by the fact that at
20 least one device for producing the parallel fluid flow is at least partially
provided in the form of exchangeable parts.

6. Extruder system in accordance with claim 3, characterised by the fact that a
suction head, designed such that it can be exchanged for different product
diameter ranges, is arranged in front of each nozzle head of the basic

25 element.

7. Extruder system in accordance with claim 1, characterised by the fact that at
least one compensation duct for compensating metering fluctuations is
provided over the fluid flow completely or partially surrounding the material to
be extruded.




and that the fluid is discharged by the capillary forces occurring. 9.

Extruder systemin accordance with claim1l, characterised by the fact that
5 the rotatable part of the extruder systemis a nandrel that is arranged
symmetrically to the cross section of the extruder system and that extends
parallel to the direction of discharge. -B6.- Extruder systemin accordance
with claiml1l, characterised by the fact that at |east one pulling device

for draw ng of fgt hetdbsc bt dn abtdrdance WK 2R, cﬁ&a@@ﬁbé@b&@ﬁe ?Hc?ﬂﬂﬁrge
nozzl e of the extrusmn le. 11. Extruder sy stemin accordance with claim

10, characteri sed g dmensioRs of {hedischagge @&%‘? Foadipster ite redbid tode shiaped

different pulling sppeRstIh&figd ¥ di OBthBdapilsy doreedatdfinyezzle. F 12
Ext ruder systemin accordance with claim 10, characterised By the fact that

15 at | east onegpuxruger Sérsen %@ébrbﬁo%dﬂ'tﬁ tramall )éhér%l%h@éh BP @ fRD (K1 S
parall el WI th thg di rection of 13. Extruder sgst em in accordance

with claith 1, chatRte@iable rel ¢ @ef %?”dfaﬁéb’Stth@ Bapedre| dbris asranged

extruder system eoMPeitidang t@fth@cﬁ)g@l@bc‘:‘tloﬁ%ﬂtﬁéex@udéﬂ%gb@% bRd 1t QteRbe0
pressure , a mxer devjce and at | east one extrusion can be rotated

about the axis of P2 e fiorthe fireriiopof gischaig®.ge. 14. Extruder system i n
accor dance Wthﬁgal m 1 characteri sed t% the fact that it 1is e(i

with an adjusta den SY§teIh I 395819aREe Wik claln flo Fharpgierisad by thedac If_*iétraﬁder
system in accordanest Wnehp@lir Bevice ¢d§‘raﬂ|%0\ﬁr@ bFafle bilsdh'éﬁ%é‘daﬁlﬁldtlg'aérrahbed' S

equi pped th a dr device for the djscharged fluid behind the extrusion
25 die. @A Extru&él:”nay}%‘? Q'ﬁ?haﬁg%%@"ﬂ%fﬁh%em'{ i m 1, characterised by

t he fact that u ed.with cutt for the discharged
fluid behind th{e1 "Pﬁ% %%P "affbamfad%new iﬂtéﬁﬁ%”&%@ﬁ%@é&]
claim 1, charactent kast ﬂmo punimgf Rvlcet hath dﬁererﬁ(;‘:ulhﬁg egsbdad aWath@béWﬁﬂi' ng

devi ce for t he dlﬁ%:@ ed fluid behind the extrusion die. -36
Ext ruder system i f'%% 8‘8?3(5%‘?15%szﬁth claim1, characterised by the fact t hat

at 12, Extruder system in accordance with claim 10, characterised by the fact that
15 at least one pulling device can be additionally rotated about an axis parallel
with the direction of pulling.

13. Extruder system in accordance with claim 1, characterised by the fact that
the basic element of the extruder system, consisting of a supply device, a
device for producing pressure , a mixer device and at least one extrusion die

20 can be rotated about the axis of the direction of discharge.

14. Extruder system in accordance with claim 1, characterised by the fact that it
is equipped with an adjustable heating and cooling device for the fluid.

13. Extruder system in accordance with claim 1, characterised by the fact that it
is equipped with a drying device for the discharged fluid behind the extrusion
25 die.

16. Extruder system in accordance with claim 1, characterised by the fact that it
is equipped with a cutting device for the discharged fiuid behind the extrusion
die.

17. Extruder system in accordance with claim 1, characterised by the fact that it
30 is equipped with a winding device for the discharged fluid behind the
extrusion die.




| east one extrusion die is a device for producing a capillary or mcro
capillary. 19. Extruder systemin accordance with claim1, characterised
by the fact that the inner dianeter of a discharge nozzle for producing a
mcro capillary is 5 less than 100 pm 20. Extruder systemin accordance
with claimi1, characterised by the fact -t¥at the inner dianmeter of a

di scharge nozzle for producing a mcro capillary is less than 20 pm 21.

Extruder systenmi8rExtder siastare imbddorddnaé With oim2Q charasicdsé by gRFal\nhdthe fact
ice for producing a filmor

10 that at |east qne.,extrusion die is a dev . [
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by the fact that,fd have a.thickness of up.tq 0,5 . 2 truder
systemin accor?j%néc)égﬁ\?\nerf ﬁysg?rgi'%afi?rgﬁ?@r‘ﬁ@? 8@1'261@! CB?"ag{?é'S?‘ibY I%%(%gﬁd that| s
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claim1l, gharact erlissetﬁ b){ @he fact that at |east one extrusion die is a
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d i thyclaim 24, characterised by the fact that mjcro-strand
have ot cknest bR IRer et i abbudice, pif fal o) Shaiarietead bt i freb B 1

cl ai m 24, char act éné geer bjantdter bfas ischaige RAzleifor proviutiag ds may @apiladiigkness
of less than 10 nz?%%rrﬁgr; ?6' 27. Extruder systemin accordance with claimnm 3,
characterised by the tfat  the basic el ement of the system has a

| ength of |ess . Extruder systemjn cordance th claim 13,
char acteri sed b%ﬁﬁ:ﬁerag%rg%pﬁet%ﬁé a?‘i%djagggiw eclﬁaé%tf’r 26 &W@a%iﬂf‘? AYHES fast
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claim 3, characterised by the fact that the basic el enent of the system
has a di anet er 23 Bxtrodert $ystend ircaccoBanceExtithudsm 2y sharacianisas G rtickafaeethat t h

claim 13, charact ef.i : t that he basic el enent of the system
e T R T

has a dianeter of lesst truder systemin accordance
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one i nj ecti on’ raurciseh B B bk oo f AR R by B e ™"
films have a thickness of up to 50 nm.

15 24. Extruder system in accordance with claim 1, characterised by the fact that at

least one extrusion die is a device for producing a strand or a micro-strand.

25. Extruder system in accordance with claim 24, characterised by the fact that
micro-strands have a thickness of up to 0.5 mm.

26. Extruder system in accordance with claim 24, characterised by the fact that
20 micro-strands have a thickness of less than 10 nanometres.

27. Extruder system in accordance with claim13, characterised by the fact that
the basic element of the system has a length of less than 20 cm.

28. Extruder system in accordance with claim 13, characterised by the fact
that the basic element of the system has a length of less than 8 cm.

25 29. Extruder system in accordance with claim13, characterised by the fact that
the basic element of the system has a diameter of less than 5 cm.

30. Extruder system in accordance with claim 13, characterised by the fact that
the basic element of the system has a diameter of less than 1 cm.




32. Extruder systemin accordance with claim®6, whereby the product is 5
di scharged via the nozzle head in injector cannula formor an additional
injection cannula with the aid of the device for producing pressure. 33.
Extruder systemin accordance with claim 32, whereby the injection cannul a
has an outer dianeter of 3.5 nm 34. Procddss for extruding a fluid,
characterised by the fact that the fluid is 10 discharged by suction or by

pressure or by Suchit@denstgm @ssthofdaiice ithesmdl | dHavdlerideaWy(thé BREPRI &
fluid) running pa t he direction of discharge of th material to

rallel t. I t he _
be extruded. 35. ﬁ?%?é’&gn'?ﬂ"%é‘t:@?ﬁfa‘?{@e'“ﬁtﬂw Peuidingdle afharargedarbind thed o
be extruded is didieinargetbzzie. a thi ckness from0.5 nmto 10 nm 15 36.
Process in accordance with claim 34 or 35, whereby the naterial to be

extruded i s di sshdigedeb)systent iiwnacebrdayicd N@iFs WiHmOB, Whepsist itied @bdlict is

pressure, - whereby.the flow hehaviour of the transport fluid is set faster
than the Pl ow belgéﬁﬁhﬁﬂf“do‘f'aﬁﬁ% ordlaigad: B ﬁ@CEﬂf&a%B%'a. orm or an additional

injection cannula with the aid of the device for producing pressure.

33. Extruder system in accordance with claim 32, whereby the injection cannula
has an outer diameter of 3.5 mm.

34. Process for extruding a fluid, characterised by the fact that the fluid is
10 discharged by suction or by pressure or by suction and pressure of a second
fluid flow (transport fluid) running parallel to the direction of discharge of the

material to be extruded.

35. Process in accordance with claim 34, whereby the fluid to be extruded is
discharged in a thickness from 0.5 mm to 10 nm.

15 36. Process in accordance with claim 34 or 35, whereby the material to be
extruded is discharged by suction or by pressure or by suction and pressure,
whereby the flow behaviour of the transport fluid is set faster than the flow
behaviour of the product to be produced.




